Abstract Sphingiphila is a monospecific genus, endemic to the Bolivian and Paraguayan Chaco, a semi-arid lowland region. The circumscription of Sphingiphila has been controversial since the genus was first described. Sphingiphila tetramera is perhaps the most enigmatic taxon of Bignoniaceae due to the presence of very unusual morphological features, such as simple leaves, thorn-tipped branches, and tetramerous, actinomorphic flowers, making its tribal placement within the family uncertain. Here we combined molecular and wood anatomical data to determine the placement of Sphingiphila within the family. The analyses of a large ndhF dataset, which included members of all Bignoniaceae tribes, placed Sphingiphila within Bignonieae. A second, smaller ndhF and pepC dataset, which included only members of tribe Bignonieae, placed the genus within Tanaecium. Unlike most macro-morphological traits, Sphingiphila is not unusual within Bignoniaceae from a wood anatomical point of view. Sphingiphila shares the presence of narrow vessels and vasicentric to aliform confluent parenchyma with the rest of the family. In addition, Sphingiphila has several specific wood anatomical traits, such as vessels in a diagonal to tangential arrangement, small intervessel pits, and non-storied heterocellular rays with occasional perforated ray cells. These features suggest that the genus is best placed either in Tecomeae s.str. or Bignonieae, with a better placement in Bignonieae due to its abundant parenchyma, despite lacking the cambial variant synapomorphic for this group. Sphingiphila and Tanaecium form a clade that is strongly supported by molecular characters, including two indels that are molecular synapomorphies of this clade. In addition, careful morphological inspections show that S. tetramera shares with Tanaecium the subulate, bromeliad-like prophylls, the most evident synapomorphy of this genus apart from long, tubular, villose corollas, and a lepidote ovary. Given the molecular phylogenetic placement of S. tetramera and its macro-morphological and wood anatomical similarities with Tanaecium, we propose the new combination Tanaecium tetramerum. Keywords Bignonieae; cambial variants; chaco; liana; perforated ray cells; Tabebuia alliance; Tecomeae Supplementary Material Electronic Supplement (Figs. S1−S3) and DNA sequence alignments are available in the Supplementary Data section of the online version of this article at
INTRODUCTION
Sphingiphila A.H.Gentry is a monotypic genus, endemic to the Bolivian and Paraguayan Chaco, a hot, semi-arid lowland region (Gentry, 1990; Fuentes, 1998; Navarro & al., 2011) . Sphingiphila tetramera A.H.Gentry, the sole species ever described in the genus, is perhaps the most unusual, enigmatic species within the Bignoniaceae (Gentry, 1990) . In particular, the thorn-tipped branches, spiny stems, and tetramerous, actinomorphic flowers with sessile stamens are all features exclusive to this genus, making its tribal placement difficult (Gentry, 1990) .
The septicidal fruit dehiscence and long white corolla tubes of S. tetramera greatly resemble those of Millingtonia hortensis L.f. (tribe Oroxyleae), a genus restricted to Asia (Zhang & Santisuk, 1998) . However, M. hortensis has pinnately compound leaves, while S. tetramera has simple, occasionally 3-foliolate, leaves. In Bignoniaceae, spiny stems are only found in Parmentiera DC. (tribe Crescentieae), a Neotropical genus with indehiscent fleshy fruits (Gentry, 1980) , and in Phylloctenium Baill. and Catophractes D.Don., both from Africa and members of the Paleotropical clade (Fischer & al., 2004; Olmstead & al., 2009) . Tabebuia nodosa (Griseb.) Griseb. (Tabebuia alliance clade), another species from the Chaco Version of Record TAXON 65 (5) • October 2016 • October : 1050 • October -1063 region (Gentry, 1992; Navarro & al., 2011) , also resembles Sphingiphila, sharing simple leaves clustered on short-shoots and a treelet habit. However, T. nodosa has yellow tubularcampanulate flowers and loculicidal capsules (Gentry, 1992) , while Sphingiphila has septicidal capsules and white actinomorphic flowers.
Given the various morphological similarities between Sphingiphila tetramera and several distantly related taxa, the phylogenetic placement and even tribal position of this genus has remained uncertain. The septicidal capsule dehiscence and Neotropical distribution of Sphingiphila led Gentry (1990) to hypothesize that the genus would be best placed within tribe Bignonieae. However, its treelet habit within a predominantly lianoid clade would be rather unusual, leading Gentry (1990) to suggest that Sphingiphila likely represented a derived lineage of shrubs within Arrabidaea DC. (a polyphyletic genus with species now recognized under Cuspidaria DC., Fridericia Mart., Tanaecium Sw. and Xylophragma Lohmann & Taylor, 2014) , where some species have a treelet habit (e.g., Fridericia costaricensis (Kraenzl.) L.G. Burger & Gentry, 2000) . Given all the contradictory morphological information available, the placement of S. tetramera remains uncertain and unverified.
In the last decades, several researchers have reconstructed phylogenetic relationships among genera and tribes of the Bignoniaceae, mostly using molecular data (Spangler & Olmstead, 1999; Zjhra & al., 2004; Lohmann, 2006; Grose & Olmstead, 2007a; Olmstead & al., 2009) . Such studies reconstructed wellsupported clades that served as basis for new delimitations of genera and major clades within the family (Grose & Olmstead, 2007b; Olmstead & al., 2009; Lohmann & Taylor, 2014) . The new phylogenies and classification systems available to date clearly illustrate that several morphological features traditionally used to delimit genera and tribes in the family were highly homoplasious (e.g., flower types; Lohmann, 2006; Alcantara & Lohmann, 2010) and not reliable indicators of relationships. Instead, other overlooked characters emerged as morphological synapomorphies of major clades in Bignoniaceae, such as stem cambial variants (Lohmann, 2006; Pace & al., 2015) , trichome types (Lohmann, 2006; Nogueira & al., 2013) , shape of the prophylls of the axillary buds (Lohmann, 2006; Lohmann & Taylor, 2014) , corolla trichome structure (Grose & Olmstead, 2007a, b) , and wood density (Grose & Olmstead, 2007a, b) .
Wood anatomy provides extremely important taxonomic characters at higher hierarchical levels within Bignoniaceae. For instance, the storied structure is typical of the Tabebuia alliance (Pace & Angyalossy, 2013; Pace & al., 2015) , diffuse axial parenchyma is exclusive of the Malagasy Coleeae (Pace & Angyalossy, 2013; Pace & al., 2015) , and vessel-ray pits simple to semi-bordered is exclusive of Catalpeae (Pace & al., 2015) . Furthermore, the presence of xylem furrowed by phloem wedges is a synapomorphy of Bignonieae, while its diversity provides important characters to delimit generic-level clades within the tribe (Dos Santos, 1995; Lohmann, 2006; Pace & al., 2009 Pace & al., , 2015 .
In this study we used molecular phylogenetic data and macro-morphological and wood anatomical characters to determine the placement of Sphingiphila tetramera within Bignoniaceae. First, we used sequences of the ndhF and pepC genes as a basis to determine the phylogenetic placement of Sphingiphila. Second, we searched for morpho-anatomical synapomorphies that could provide further support for the phylogenetic placement of S. tetramera within the family. To that end, we conducted a thorough analysis of the secondary xylem of Sphingiphila and compared these data to those available for members from all major clades of Bignoniaceae (Olmstead & al., 2009; Pace & al., 2015) . We also conducted a detailed macro-morphological study and compared these data to those available for other genera (e.g., Gentry, 1992; Lohmann & Taylor, 2014) .
MATERIALS AND METHODS
Leaf material, DNA extraction, PCR amplification and sequencing. -Herbarium specimens and silica-dried leaves of two different individuals of Sphingiphila tetramera were collected in the Bolivian Chaco in the border of the Santa Cruz and Chuquisaca. Vouchers of these collections were deposited in SPF (Pace 31 and 32) . Total DNA was extracted from silica-dried leaflets from one of those vouchers (Pace 32) and from a herbarium specimen of S. tetramera (Antezana Valera 1327, MO) using an Invisorb Plant Mini Kit (Invitek, Berlin, Germany). Both ndhF and pepC genes were amplified and purified following Zuntini & al. (2013) . Automated sequencing was performed by Macrogen (Seoul, South Korea), and final sequences were deposited in GenBank under the accessions KU757039 to KU757045 (Appendix 1).
Molecular datasets. -The two newly generated sequences of S. tetramera were included in two separate datasets that were used to test the phylogenetic placement of Sphingiphila, as follows: (1) a broad ndhF dataset including members of all Bignoniaceae tribes and main clades and (2) a combined ndhF and pepC dataset including only members of tribe Bignonieae. The broad Bignoniaceae dataset was assembled using ndhF sequences from Olmstead & al. (2009) , and at least two species from all major clades identified in that study were sampled. The Bignonieae dataset was assembled using all ndhF and pepC sequences from Lohmann (2006) . For each dataset, sequences were downloaded from GenBank (Appendix 1) and aligned with MUSCLE v.3. 5 (Edgar, 2004) , using standard parameters, along with the newly generated sequences of S. tetramera. The alignment was subsequently checked by visual inspection and manually adjusted. Indels were not coded separately.
Phylogenetic analyses. -Both datasets were analyzed using parsimony (PA), maximum likelihood (ML) and Bayesian inference (BI). Each marker of the combined dataset was also analyzed individually. For PA, an initial run with 100 replicates was carried out in PAUP* v.4.0b10 (Swofford, 2002) , with the shorter trees saved. Each of these was then used as a starting tree in a second round of swapping. Most parsimonious trees were summarized under a strict consensus rule; bootstrap support was analyzed with 10,000 replicates. For ML, a rapid hill-climbing search was conducted in RAxML Version of Record TAXON 65 (5) • October 2016 • October : 1050 • October -1063 v.7.2.8 (Stamatakis, 2006) followed by 1000 replicates of rapid bootstrapping. For ML searches, the nucleotide substitution model used was GTR CAT, and data were partitioned for the Bignonieae dataset. For BI, nucleotide substitution models were evaluated for each dataset with jModelTest v.2.0 (Guindon & Gascuel, 2003; Darriba & al., 2012) using seven substitution schemes. The best-fit models were selected following Bayesian information criteria. TVM + G was identified as the best model of nucleotide substitution for both ndhF matrices and HKY + G for pepC. Phylogenetic reconstructions were run in MrBayes v.3.1 (Ronquist & Huelsenbeck, 2003) with the following setting: two independent runs, each with four chains, running for 10 million generations, sampling every 100th generation. To assess if the analyses had achieved stationarity, analysis logs were analyzed in Tracer v.1.6 (Rambaut & al., 2014) . The support for clades was inferred by bootstrap for both PA (BPA) and ML (BML) and posterior probabilities (PP) for BI.
Anatomical studies/sampling. -Portions of the stem of Sphingiphila tetramera were collected from the same individuals from which silica-dried material for DNA extractions was collected (SPF; Pace 31 and 32). Samples were collected at the stem base of mature fertile individuals of about 2 m height, where their stems were thickest (about 4 cm diameter). Samples were immediately fixed in FAA 70 (Johansen, 1940) for 36 hours and then transferred to a preservative solution of 70% ethanol. The samples were embedded in polyethylene glycol 1500 and sectioned transversely and longitudinally with the aid of polystyrene resin (Barbosa & al., 2010) in a sliding microtome, double stained in astra blue and safranine (Bukatsch, 1972) , dehydrated in ethanol and butyl acetate and mounted in Canada balsam to make permanent slides. Wood descriptions followed the IAWA Committee (1989) for both qualitative and quantitative data, and vessels per group were calculated according to Carlquist (2001) . Quantitative data were obtained using ImageJ v.1.45s (Rasband, 2012) with a minimum of 30 repetitions per specimen.
Anatomical data collected for Sphingiphila tetramera were compared with wood descriptions for representatives of all other Bignoniaceae available from Pace & al. (2015) . Only shrubby and arboreal species of Bignoniaceae were considered in the comparison since lianas tend to share anatomical features that reflect habit convergence rather than phylogenetic proximity, which could be misleading in the analyses (Gasson & Dobbins, 1991; Lens & al., 2008) .
Macro-morphological studies. -A macro-morphological study of eight herbarium specimens of Sphingiphila tetramera (Antezana Valera 619, Antezana Valera 1327 , Fuentes 2107 , Fuentes 2272 , Fuentes 2564 , Hahn 1600 was conducted focusing on diagnostic features of taxa from tribe Bignonieae, where this species was placed in our phylogenetic analyses. Images of selected characters were made with a stereomicroscope with multiple shots with different focuses, which were posteriorly joined into a single, entirely focused image using photo stacking in Adobe Photoshop. Morphological features gathered in our macro-morphological analysis were compared to descriptions of all genera of Bignonieae available from Lohmann & Taylor (2014) and with the original description of Sphingiphila tetramera available from Gentry (1990) . We paid special attention to characters found in taxa that emerged closely related to Sphingiphila tetramera in our phylogenetic analyses.
RESULTS
Phylogenetic placement of Sphingiphila. -High-quality sequences were obtained for both ndhF and pepC for the two accessions of Sphingiphila tetramera sampled (Pace 32, Antezana Valera 1327) . The ndhF sequences are 2096 and 2067 bp long, respectively, and identical in the overlapping region. The pepC sequences are 635 and 436 bp long, respectively, with 1% of nucleotide divergence. The broad Bignoni aceae ndhF dataset is 2102 bp long and includes 40 terminals, 36 of which are Bignoniaceae and 4 are outgroups. The combined ndhF and pepC dataset has 123 terminals, 121 of which represent Bignonieae members, while 2 are outgroups. This dataset includes 123 ndhF sequences and 105 pepC sequences. The ndhF alignment is 2129 bp long, whereas the pepC is 875 bp long.
In the analyses of the broad ndhF dataset, S. tetramera emerged within Bignonieae, a strongly supported clade in PA, ML and BI analyses (Fig. 1 ). In these analyses, the two accessions form a strongly supported clade (BPA: 97/BML: 100/PP: 100) that is poorly supported as sister to Tanaecium pyramidatum (BPA: 60/BML: 60/PP: 82). The analyses of the second dataset (Bignonieae) retrieved similar results when the ndhF and pepC datasets were analyzed individually. Although no resolution was obtained within Tanaecium in any of the analyses, the placement of S. tetramera within Tanaecium was highly supported by both the ndhF dataset (BPA: 68/BML: 78/PP: 100) and the pepC dataset (BPA: 78/BML: 90/PP: 100; Electr. Suppl.: Figs. S1, S2). Since no incongruence was observed between ndhF and pepC analyses (considering bootstraps and posterior probabilities above 80% and 95%, respectively), both markers were combined. The two accessions also emerged together (BPA: 100/BML: 100/PP: 100), in a polytomy with all sampled species of Tanaecium (BPA: 88/BML: 97/PP: 100, Fig. 1 ). A visual inspection of the alignment revealed two indels that are shared by S. tetramera and Tanaecium. Both indels are located in the intron 4 of pepC, the first in the position 209 to 242 and the second from 350 to 358 (Electr. Suppl.: Fig. S3 ).
Wood anatomy of Sphingiphila. -All the qualitative and quantitative wood anatomical data gathered for the present study is presented in Table 1 . For comparison, these data are presented in combination with data for the other Bignoniaceae tribes from Pace & al. (2015) .
Diagnostic features. -Sphingiphila has a distinctive diagonal to radial/tangential vessel arrangement, narrow vessels that are usually in multiples of 3-7, small intervessel pits, and non-storied heterocellular rays with perforated ray cells.
Detailed description. -Growth rings distinct ( Fig. 2A-D) . Earlywood marked by a narrow to broad marginal band of axial parenchyma ( Fig. 2A-C ) and a ring of closely spaced vessels ( Fig. 2A-C) . Some growth rings lack the closely spaced vessels ( Fig. 2A) and/or the band of axial parenchyma (Fig. 2D) . Bignoniaceae Bignonieae B i g n o n i e a e T a n a e c i u m Arrabidaea and allies Latewood marked by radially flattened fibers, frequently associated with very narrow vessels ( Fig. 2C-E) . Porosity semiring-porous ( Fig. 2A, B) . Vessels arranged in a diagonal to radial pattern in one of the specimens ( Fig. 2A ; Pace 31) and diagonal to predominantly tangential in the other specimen ( Fig.  2B ; Pace 32). Vessels grouped in multiples of 3-7 ( Fig. 2A-D) , clusters present (Fig. 2C, D) , 2.47 vessels/group (Table 1) ; narrow (35 ± 12 µm), vessel density 284 ± 34 per mm2 (Table 1) . Perforation plates simple (Fig. 2E, H) . Intervessel pits small (6 ± 0.4 µm). Vessel-ray pits simple to semi-bordered. Fibers thick-walled ( Fig. 2A-D) , with simple to minutely bordered pits in both radial and tangential walls, septate and non-septate fibers present in the same sample (the majority non-septate). Gelatinous fibers present. Parenchyma vasicentric to aliform, with short to long unilateral confluences ( Fig. 2A-C) . Axial parenchyma bands ranging from narrow (1-2 cells wide) to broad (3-4 cells wide), delimit the growth rings ( Fig. 2A-C ). Parenchyma strands with 2 cells. Rays non-storied, 2-3 cells wide, short (264 ± 73 µm; Fig. 2F , G). Homo-and heterocellular rays co-occur. Homocellular rays composed of procumbent cells, heterocellular rays with body cells procumbent and one or two marginal upright to square cells (Fig. 2H, I ). Perforated ray cells present (Fig. 2I) . Navicular crystals present in the ray cells. Cambial variants absent.
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DISCUSSION
Phylogenetic placement of Sphingiphila. -In our phylogenetic reconstructions, Sphingiphila tetramera clearly emerges within Bignonieae within the clade "Arrabidaea and allies" (Lohmann, 2006) in a polytomy within Tanaecium. Tanaecium includes 17 species of lianas that are distributed from Mexico to Argentina in both dry and wet forests (Lohmann & Taylor, 2014) . The closeness between Sphingiphila and Tanaecium is supported by all analyses conducted with the ndhF and pepC markers as well as by morphological features.
The placement of Sphingiphila within Bignonieae confirms Gentry's (1990) earlier hypothesis that the genus might be best placed in this tribe. Gentry's (1990) hypothesis was based on the Neotropical distribution, septicidal fruit dehiscence, and occasionally 3-foliolate leaves of the genus. The fruit morphology (Fig. 3G, H ) also led Gentry (1990) to suggest that S. tetramera was likely closely related to Arrabidaea, a polyphyletic genus that was recognized at the time but whose species are currently included in Cuspidaria, Fridericia, Tanaecium, and Xylophragma (Lohmann, 2006; Lohmann & Taylor, 2014) .
The flowers of Sphingiphila (Fig. 3D ) are white with long corollas, pollinated by sphingid hawk-moths, and arranged in few-flowered inflorescences (Gentry, 1990) . The morphologies of flower and inflorescence greatly resemble those of several species of Tanaecium (Gentry, 2009; Alcantara & Lohmann, 2010) (Fig. 3E) , namely Tanaecium crucigerum Seem., Tanaecium exitiosum Dugand, and Tanaecium jaroba Sw. (Fig.  3E) . The ancestral floral type of Tanaecium also likely had a Tanaecium-type morphology composed of white corollas with long tubes (Alcantara & Lohmann, 2010) . This flower morphology evolved multiple times within Bignonieae (Alcantara & Lohmann, 2010) and is also found in Bignonia nocturna (Barb.Rodr.) L.G.Lohmann and Pachyptera aromatica (Barb. Rodr.) L.G.Lohmann.
In the most recent circumscription of Tanaecium (Lohmann & Taylor, 2014) , five other genera were synonymized with it (Ceratophytum Pittier, Paragonia Bureau, Periarrabidaea A.Samp., Pseudocatalpa A.H.Gentry, Spathicalyx J.C.Gomes) based on molecular phylogenetic data, a series of shared morphological features and one morphological synapomorphy, the presence of subulate, bromeliad-like prophylls (Fig. 3C ) (Lohmann, 2006; Lohmann & Taylor, 2014) . These prophylls are also found in Sphingiphila (Fig. 3B ), although they are sometimes difficult to see in older interpetiolar nodes, given their caducous nature. Additional characters shared between Sphingiphila and Tanaecium are the calyx with glandular fields, the villose corolla (Fig. 3F) , and the lepidote ovary (Gentry, 1990; Lohmann & Taylor, 2014) . In addition to the morphological features shared between Sphingiphila and Tanaecium, S. tetramera also shares the two indels of Tanaecium reported by Lohmann (2006) . These indels are synapomorphies of Tanaecium (Electr. Suppl.: Fig. S3 ).
On the other hand, the differences between Sphingiphila and Tanaecium mainly reflect features that have been lost in S. tetramera. For instance, the loss of the lianoid habit and acquisition of a shrubby to treelet habit (Fig. 3A) seen in S. tetramera is not unusual within Bignonieae, given that reversals to the shrubby or treelet habit occurred multiple times in the tribe (Lohmann, 2003) and even within Tanaecium in T. exitiosum (Dugand, 1942) . In addition, the lack of tendrils, a synapomorphy of tribe Bignonieae, was also lost multiple times within the tribe, once in Cuspidaria, Mansoa DC. and 
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TAXON 65 (5) • October 2016 • October : 1050 • October -1063 Xylophragma, twice in Adenocalymma Mart. ex Meisn., and five times in Fridericia (Sousa-Baena & al., 2104) . Similarly, the unusual loss of androecium parts is also observed in Tanaecium caudiculatum (Standl.) L.G.Lohmann, a species with only two anthers (Lohmann & Taylor, 2014) . The tetramerous, actinomorphic flowers are undoubtedly the most unique characters of Sphingiphila. However, changes in the expression of single genes can alter each of these traits, either as nucleotidic mutations affecting the number of sepals/petals per whorl (Running & Meyerowitz, 1996) , mutations mediated by transposable elements (Luo & al., 1996) , or methylation (Cubas & al., 1999) , the last two also affecting flower symmetry. In this case, mutations in a few genes could be responsible for the highly divergent flower morphology of S. tetramera.
Wood anatomy of Sphingiphila. -Regarding wood anatomy, Sphingiphila tetramera has a very typical Bignoniaceous wood, unlike its very unique and unusual macro-morphology. Sphingiphila shares several anatomical features with other shrubby to arboreal Bignoniaceae, namely narrow vessels, vasicentric to aliform parenchyma forming short to long unilateral confluences, growth rings marked by a marginal band of axial parenchyma and occasional crystals in rays. Distinctive features of Sphingiphila are the diagonally arranged vessels (also present in some species of Zeyheria Mart.), grouped in multiples of 3-7, quite frequent vessels (284 ± 34 vessels/ mm2, while most Bignoniaceae do not exceed 50 vessels/mm2), non-storied heterocellular rays and the presence of perforated ray cells.
Some of the distinctive features of Sphingiphila, such as the highly dense, multiple vessels arranged diagonally, are all features that can be attributed to its occurrence in xeric environment, something well established in ecological wood anatomy (Baas & al., 1983 (Baas & al., , 2003 . Other Bignoniaceae which grow in xeric environments, such as Zeyheria montana Mart., abundant in the Cerrado, and Catophractes alexandrii D.Don from the African savannahs, also share these same features (Pace & Angyalossy, 2013) .
The set of wood anatomical features of Sphingiphila suggests a placement either in tribe Tecomeae s.str. or Bignonieae (Pace & al., 2015) . One of the main reasons is the presence of perforated ray cells in Spingiphila. Perforated ray cells have only been recorded within lianoid lineages of Bignoniaceae, being particularly frequent in some lianas of both Tecomeae s.str. (e.g., Campsis radicans (L.) Bureau) and Bignonieae (Stizophyllum riparium (Kunth) Sandwith). Interestingly, perforated ray cells have also been found in shrubs with lianoid ancestors (Pace & Angyalossy, 2013; Pace & al., 2015) .
On the other hand, the absence of a cambial variant, a synapomorphy of Bignonieae, would suggest that Sphingiphila would be best placed in Tecomeae s.str. In fact, all known species of Bignonieae share four to multiples of four phloem wedges that furrow the xylem (Gentry, 1980; Dos Santos, 1995; Lohmann, 2006) . Even the shrubby and treelet species of Bignonieae for which the wood anatomy is known (e.g., Adenocalymma cladotrichum (Sandwith) (Pace & al., 2009) , and never lack it completely as does S. tetramera. Within Bignonieae, Sphingiphila may represent the only species to lack a cambial variant completely, thus representing a case of total loss of cambial variants associated with the evolution of liana to a self-supporting habit. On the other hand, no Tecomeae s.str. has as abundant parenchyma as Sphingiphila, whereas abundant parenchyma and the presence of vasicentric to aliform parenchyma with short confluences is common in the "Arrabidaea and allies" clade of the Bignonieae (Pace & Angyalossy, 2013; Pace & al, 2015) , within which S. tetramera has here been placed based on molecular data.
Our molecular phylogenetic results indicate that Sphingiphila and Tanaecium form a strongly supported yet internally unresolved clade. Anatomically, although Sphingiphila lacks a very strong diagnostic feature of tribe Bignonieae, the cambial variant, it shares with Tanaecium the presence of abundant vasicentric to aliform confluent parenchyma, septate fibers, perforated ray cells and heterocellular non-storied rays 3 ± 1 cells in width (Pace & Angyalossy, 2013; Pace & al., 2015) . Tabebuia nodosa, another Bignoniaceae from the Chaco, also has highly unique morphological and anatomical features, representing another rare example of a taxon that could not be placed in any of the three major wood anatomical groups described by Dos Santos & Miller (1992) . The extreme isolation of these species in the Chaco, a hot semi-arid lowland region, may have been the driver of these remarkable cases of morphological and anatomical divergence. Further studies including more species from the Chaco are needed to test this hypothesis.
Following the criteria used by Lohmann & Taylor (2014: 358) , who recognize genera as well-supported clades diagnosed by one or more morphological synapomorphies, we propose the synonymization of Sphingiphila with Tanaecium. Shrub or treelet up to 5 m tall, without dimorphic juvenile growth; stems without phloem wedges in cross section, without hollow pith; branchlets cylindrical to slightly angular, puberulous and lepidote, with or without lenticels, without interpetiolar glands, without interpetiolar ridge; prophylls of axillary buds bromeliad-like, caducous; the short-shoot of lateral branches conspicuously thorn-tipped. Leaves sessile or with petioles < 2 mm, simple or 3-foliolate, terminal leaflets never replaced by tendrils; leaflets chartaceous to coriaceous, narrowly elliptic or oblong-elliptic or oblongoblanceolate, apex rounded or minutely apiculate, base cuneate, 1.0-4.2 cm long, 0.2-1.2 cm wide, without glands or pellucid punctations over blade, without domatia, lepidote on both sides, margin involute; petiole never modified into a tendril. Inflorescence an axillary, few-flowered fascicle, with the axis reduced. Flowers actinomorphic, tetramerous; calyx narrowly cupular, 4-5-denticulate, coriaceous, 0.3-0.6 cm long, 0.2 cm wide, lepidote or puberulous externally, with glands along ribs; corolla white, without nectar guides, narrow and tubular, straight, membranous, 7.2-14.3 cm long, 0.2-0.4 cm wide, glabrous externally, without glands, lobes imbricate; stamens without filaments, with anthers inserted directly into the corolla tube, partially included, anthers glabrous, thecae straight; pollen in monads, colpate, exine reticulate; ovary sessile, bilocular, with two series of ovules on each placenta, smooth and lepidote, occasionally with simple trichomes; disk annular. Capsule dehiscing parallel to the septum (septicidal), narrow and linear, flattened, straight, coriaceous, 4.2-10.3 cm long, 0.5-1.6 cm wide, valves lepidote, without lenticels, with glands, without ridges or wings, smooth, calyx deciduous; seeds winged, seed body smooth and glabrous, wings hyaline, rounded.
TAXONOMIC TREATMENT
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